 ABSTRACT: The genus Rhizoprionodon comprises seven species of sharks occurring in the Atlantic, Pacific and Indian Oceans, the species are small and medium-sized animals attaining about 150 cm, inhabiting coastal waters, estuaries and brackish waters and feeding mainly on mollusks, crustaceans and small fish. In Brazil the two species are found Rhizoprionodon porosus and lalandi. The use of morphometric approaches has limitations for this group due to lack of anatomical landmarks, since they have a continuous form without angles. This study will analyze the chondrocranium a structure that is considered species-specific. The study aims to verify the hypothesis suggested in the literature of two populations of the species R. porosus off northeastern Brazil. One corresponds to the northern coast of the Northeast (RN) and the other to the eastern coast of this region (PE). For that we performed a comparative morphometric study of the chondrocranium of R. porosus between the indicated areas using shape and cluster analyses. Thus, there were differences both for adult and juvenile phases by regions of capture. In conclusion, there is indeed a difference between chondrocranium from Pernambuco and Rio Grande do Norte as showed by approaches used. 
Introduction
The genus Rhizoprionodon Whitley (R. Whitley) comprises seven species of the sharks distributed throughout of the Atlantic, Pacific and Indian Oceans. These species are small and medium-sized animals that reach 150 cm, inhabit coastal waters, inlets and brackish waters, feeding mainly on mollusks, crustaceans and small fishes (SPRINGER, 1964; CERVIGÓN, 1999) .
One of species of genus R. Whitley is Rhizoprionodon porosus (R. porosus) that is distributed from Bahamas to Uruguay (COMPAGNO, 1984) . In Brazil the R. porosus sharks is abundant in north and northeast coasts (MATTOS, 1998) . The R. porosus has been object of several studies in Brazil, among them the study of Garcia (2008) age growth and demographic analysis of R. porosus were studied in the northeast coast of Brazil (MONTEALEGRE-QUIJANO, 2002) . Recently was suggested in literature the formation of a barrier between the northern and eastern streams of Brazil (LESSA et al., 2011) . Evaluating this hypothesis Lessa et al. (2011) found a difference between two populations of R. porosus suggesting two groups, one group was formed by sharks on the eastern coast and the other on the northern coast of Brazil. Mendonça et al. (2011) study DNA variation of R. porosus detected difference in two patterns of DNA a pattern formed by R. porosus of the eastern coast and other of the northern coast of Brazil, corroborating with the studies of Lessa et al. (2011) .
Discrimination among fish species (in particular similar species) is a major factor in management and exploitation of fisheries resources. On the other hand, this activity can present several difficulties, and its effective implementation requires investigations of new methodologies, in order to offer procedures that are simpler and more reliable. The study of morphometric is fundamental for species description (taxonomic application) and characterization of stocks. Geometric morphometric represents a relatively new research area, computationally intensive, whose development and application has grown significantly in recent years. It is based on the fact that organisms with different biological characteristics usually have different forms.
The comparison of anatomical characteristics of organisms and the understanding of how the variation of these characteristics is associated to variation in other traits has been very interesting for ecologists and evolutionary biologists. In recent years, the quantitative study of anatomical shape has matured in the field of morphometry: the study of shape variation (ADAMS et al., 2004; ZELDITCH et al., 2004; ADAMS et al., 2013) . A common approach to shape analysis, geometric morphometric (GM), uses the reference point coordinates to record the relative positions of morphological points, contour curves, and surfaces as the basis for form quantification. Analyses of geometric morphometric shapes are usually performed through a series of steps that can be called the Procrustes paradigm (ADAMS et al., 2013) .
Geometric morphometric methods provide a more comprehensive quantification of biological shape compared to alternative approaches, their use in ecological and evolutionary studies has dramatically increased in recent years as reported in quantitative evolutionary genetics studies ADAMS, 2011; MARTÍNEZ-ABADÍAS et al., 2012) , to describe the patterns of floating and directional asymmetry (KLINGENBERG et al., 2002; SCHAEFER et al., 2006) , to discover phylogenetic and macro evolutionary tendencies (SIDLAUSKAS, 2008; KLINGENBERG and GIDASZEWSKI, 2010; MONTEIRO and NOGUEIRA, 2011) and to reveal ontogenic patterns in human evolution (BOOKSTEIN et al., 2003; MITTEROECKER et al., 2004; MITTEROECKER and BOOKSTEIN, 2008) , among other applications.
Consequently, due to uncertainties regarding the identification of two populations of R. porosus in the Brazilian coast, the present work was motivated by the assumption that the two populations present some variability of shape, and that the analysis of shapes can be used to identify these populations The use of morphometric techniques different shape the body-proportional approach, generally used in taxonomy, finds limitations for this group due to lack of elasmobranchs of anatomical landmarks (REIS et al., 1987) , since they have a shape without angles as is required for use of geometric morphometric techniques. Thus, in present study, the chondrocranium, which is a specie-specific structure (COMPAGNO, 1988) , is angularly shaped and located at the base of skull that supports the brain and serves for its protection.
Considering the morphological attributes of this structure, it is intended, study morphometrically the R. porosus chondrocranium shape two populations as suggested in literature, one of them corresponding to north coast of Northeast (RN) and other to (PE) of Brazil, aiming to characterize stocks, so that this knowledge can contribute to determination of stock units and be made available to management of resource in the northeast coast of Brazil implying that the oceanographic standard may represent important component in structuring this species.
Material and methods

Data
The chondrocranium is a cartilaginous structure that protection the brain and sensitive lateral capsules of olfactory, auditory and visual organs. The chondrocranium is divided into four regions: the ethmoidal region, including the face and nasal capsules; the orbital region (death-temporal or sphenoidal), including the orbits between the basal plate and the skull ceiling; the optical (auditory) region, including the optic capsules and the basal plate, and the occipital region at the posterior end of chondrocranium, (COMPAGNO, 2005) , Figure 1 . The data set consists of 15 R. porosus chondrocranium from the Pernambuco region (PE), where 7 are adults and 8 juveniles, 13 referring to Rio Grande do Norte (RN), where 6 are adults and 7 juveniles. Sharks were classified by sex and age group (adults if their total length was greater than 65 cm if male and 70 cm if female) (COMPAGNO, 1984) .
The chondrocranium image was captured by a Sony camera model DSC-P200 and stored in jpeg image files. For standardization, a support was created, where the digital camera was coupled, thus establishing a standard height (45 cm) for all images, later the images were marked with 17 anatomical landmarks (set of characteristic coordinates of a shape) , as shown in Figure 2 . Through the Image J software, the values of pixel coordinates of the images were extracted. To guarantee the standardization, images were rotated, translated and staggered through the coordinates of Procrustes, forming 28 two-dimensional numerical matrices. These coordinates will be used to generate the mean shape of chondrocranium of two populations as well as to compare two populations. For evaluation of cluster analysis, the distance between some anatomical landmarks, listed in Table 1 . Cluster analysis was used to evaluate the difference between groups of chondrocranium. The hierarchical clustering methods (method single linkahe, complete linkage, method average, median, centroid and Ward) and non-hierarchical (k-means) methods were used (BUSSAB, 1990) . For comparison between the hierarchical grouping methods, the cophenetic correlation coefficient (CCC) was used (SOKAL and ROLHF, 1962) .
The CCC measures the degree of fit between the dissimilarity matrix (Phenetic Matrix F) and the resulting matrix of simplification provided by grouping method (cophenetic matrix C), (FARRIS, 1969) . How higher the value obtained for rcof the less distortion caused by grouping of individuals. Rohlf (1970) evaluated inadequacy of the grouping method when rcof < 0,7.
Fisher discriminant analysis was used to discriminate the groups according to the studied variables. In order to compare the chondrocranium shape of adult and juvenile sharks of two populations studied, the statistical shape analysis was used, using T² of Hotteling test, James and Lambda (SILVEIRA, 2008) using 17 anatomical landmarks described in Figure 2 .
Results and discussion
In analysis of hierarchical cluster the distinction of two chondrocranium stocks of R. porosus is observed, one of them referring to eastern coast (PE) and other of Brazilian northern coast (RN) for both adult and juvenile phases, Figures 3 and 4 . The CCC of grouping of R. porosus chondrocranium from adult phase was in range of 83% to 85%, whereas for the juvenile phase the correlation was in order of 92% and 93%, thus indicating adequacy of cluster methods for both age groups, Table 2 . In k-means analysis, the separation of two chondrocranium stocks from R. porosus is observed again for both adult and juvenile populations. K-means success rate by was 100% for both populations, Figures 5 and 6. Through the discriminant analysis, it obtained the discriminate functions of fisher for adult and juvenile sharks as shown in Table 3 . When compared to chondrocranium shapes of adult and juvenile populations of PE and RN, it is observed difference in averages between the shapes of the two populations when were evaluated by T-test of Hottelling, James and Lambda, Table 4 and Figures 7 and 8. The Figure 7 showed that the mean shape of the chondrocranium of PE sharks population presents a more flattened and less broadened chondrocranium than average shape of RN population, whereas the average shape of juvenile sharks population in RN is smaller and closer to PE juvenile sharks population, Figure 8 . The results presented corroborate the hypothesis presented by Lessa et al. (2011) of two populations of R. porosus among these regions studied. All the results showed morphometric differences in chondrocranium of R. porosus of Pernambuco and Rio Grande do Norte, corroborating with the hypothesis of the two supposed stocks of sharks.
These results are also in accordance with those of Lessa et al. (2011) who verified different growth patterns of R. porosus between the two areas analyzed. Reinforcing such interpretation, results suggest structuring of populations in this area for R. porosus were also presented by Mendonça et al. (2011) in their study on variation in DNA sequence of R. porosus, demonstrating differences in DNA of specimens of species between the eastern and northern coast of Brazil.
Conclusions
The difference in the shape of chondrocranium of R. porosus of Pernambuco and Rio Grande do Norte was verified for both adult and juvenile age when using cluster and shape analysis techniques. 
